Abstract The biosynthesis of nanoparticles has been proposed as a cost effective and environmentally benevolent alternative to chemical and physical methods. In the present study, microwave assisted synthesis of silver nanoparticles (AgNPs) has been demonstrated using leaf extract of Fraxinus excelsior reducing aqueous AgNO 3 solution. The synthesized nanoparticles have been characterized on the basis of fourier transform infrared spectroscopy (FT-IR), UV-Vis spectroscopy, scanning electron microscopy (SEM), transmission electron microscopy (TEM) and energy dispersive X-ray (EDX) analysis. The presence of a characteristic surface plasmon resonance (SPR) absorption band at 425 nm in UV-Vis reveals the reduction of silver metal ions into silver nanoparticles. FT-IR analysis was carried out to probe the possible functional group involved in the synthesis of AgNPs. Further leaf extracts and AgNPs were evaluated for antiradical scavenging activity by 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay.
Introduction
Exploitation of biological materials in synthesis of nanoparticles is one of the hottest thrust areas in the modern nanoscience. The application of nanoscale materials and structures, usually ranging from 1 to 100 nm, has become an emerging area in the field of nanoscience and nanotechnology since from the past few decades (Wang and Wang 2014) . Nanoparticles exhibit completely new or improved properties based on specific characteristics such as size, distribution and morphology. The potential benefits of nanoparticles in biomedical and industrial applications for human health and environment are now well documented (Lanone and Boczkowski 2006) . Among the various nanoparticles, metal nanoparticles assume special importance because they are easier and cheaper to synthesize and possess promising applications (Juan et al. 2012) . Additionally, metal nanoparticles display a surface plasmon resonance (SPR) absorption in the UV-Vis region which arises from the coherent existence of free electrons in the conduction band due to the small particle size (Burda et al. 2005; Tessier et al. 2000) . The band shift is dependent on the particle size, chemical surrounding, adsorbed species on the surface and dielectric constant (Mulvaney 1996) . A unique characteristic of these synthesized metal particles is that a change in the absorbance or wavelength gives a measure of the particle size, shape and interparticle properties (Mulvaney 1996; Knoll and Keilmann 1999) . To date, noble metals like Ag, Au, Pd, Pt have been widely used for the synthesis of metallic nanoparticles (Doria et al. 2012) . Among these, silver nanoparticles (AgNPs) have become the focus of much research interest due to their unique optical, electrical and biological properties which offers a number of exciting potential applications in various fields including catalysis, electronics and biology (Prabhu and Poulose 2012) . They possess an excellent biocompatibility and low toxicity (Pauksch et al. 2014 ). Silver nanoparticles have been documented in the field of biomedical (Chaloupka et al. 2010) , drug delivery (Prow et al. 2011) , food industries (Chaudhry and Castle 2011) , agriculture (Nair et al. 2010) , textile industries (Kelly and Johnston 2011) , water treatment (Dankovich and Gray 2011) , antioxidant (Niraimathi et al. 2013) , antimicrobial (Sankar et al. 2013) , anti-cancer (Boca et al. 2011) , cosmetics (Jain et al. 2009 ), ointments (Murphy 2008) and larvicides (Roopan et al. 2013) .
A number of methods have been documented in the literature for the synthesis of silver nanoparticles, such as thermal decomposition (Navaladian et al. 2007 ), electrochemical (Starowicz et al. 2006) , microwave assisted process (Sreeram et al. 2008 ) and green chemistry (Begum et al. 2009 ). However, most of the chemical and physical methods employed for the synthesis and production of nanoparticles involve the use of hazardous and toxic chemicals, low material conversions and high energy requirements. In view of the numerous biological applications of the nanoparticles, the development of simple, biocompatible, non-toxic and eco-friendly protocol for the synthesis of nanoparticles is of considerable interest. Green synthesis using biological organisms such as microorganisms (Otari et al. 2012 ) and plant extracts (Kumar et al. 2011 ) provides advancement over chemical and physical method as it is environmentally benevolent, simple, inexpensive, easily scaled up for large-scale synthesis and further there is no need to use high pressure, energy, temperature and toxic chemicals (Ramya and Subapriya 2012) . Plant extracts may provide a better alternative to synthesize silver nanoparticles since most microorganisms that have been reported for the synthesis of silver nanoparticles are pathogenic to either plants and/or humans (Silver 2003; Ahmed et al. 2003) . The plant extracts are believed to be more beneficial over other biological process as it eliminates the elaborative process of cell culturing, simple, efficient and low cost generally leads to the formation of crystalline nanoparticles with a variety of shapes and sizes.
Microwave heating holds many advantages over traditional heating as its operation provides increased reaction kinetics, rapid initial heating eventually leading to enhanced reaction rates culminating in clean reaction products with higher yields (Nadagouda et al. 2011) . Microwave heating holds great importance in the regime of nanoparticle synthesis as its controlled high temperature enhances the nucleation process by which nanoparticles are initially created (Jiang et al. 2006) . It has already been reported that microwave heating as compared to traditional heating, creates nanoparticles of higher degrees of crystallinity and provides greater control over the shape and morphology of the nanostructures produced (Tsuji et al. 2005) . A number of studies have been documented that illustrate facile production of nanoparticles using microwave heating (Nadagouda et al. 2011; Jiang et al. 2006; Tsuji et al. 2005 ) and it has now become an attractive alternative pathway in the synthesis of nanoparticle.
Fraxinus excelsior L. (Family: Oleaceae), commonly known as 'ash' or 'European ash', is an anemophilous tree native to the countries of temperate Asia and Europe (Hemmer et al. 2000; Eddouks et al. 2002) . Phytochemists have reported the isolation of various compounds from Fraxinus excelsior which includes fraxin, fraxetin, scopoletin, esculin and excelsioside, a secoiridoid glucosides (Renwart et al. 1992; Damtoft et al. 1992) . The parts of the plants have been reported to be effective in the treatment of various diseases. The barks of Fraxinus excelsior have long been used as antibacterial (Middleton et al. 2005) , seed extract has been used as a potent hypoglycemic agent (Visen et al. 2009 ). The alcoholic extract of bark has been reported to possess an anti-inflammatory property (Ghazaly et al. 1992) . In addition to this, Fraxinus excelsior has been proved to be beneficial in the treatment of hypertensive and obese disorders (Monto et al. 2014) .
In the present study, we report a simple, low cost, environmentally benign and microwave assisted green method for the synthesis of silver nanoparticles using the aqueous leaf extract of Fraxinus excelsior. To the best of our knowledge, no reports pertaining to the microwave method for the synthesis of AgNPs using aqueous extract of Fraxinus excelsior leaves are yet available. Synthesized silver nanoparticles have been characterized on the basis of UV-Vis, FT-IR, SEM-EDX and TEM analysis. The synthesized AgNPs were also tested for antiradical screening activity.
Materials and methods

Materials
Fraxinus excelsior leaves were used to make the aqueous extract. Silver nitrate (AgNO 3 ), 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and ascorbic acid of analytical grade were purchased from Sigma-Aldrich (India) and used without further purification. Triply distilled de-ionized water was used throughout the experiments. Microwave synthesis reactor (Anton Paar-Monowave 300) was used to synthesize silver nanoparticles.
Preparation of the leaf extracts
Fresh Fraxinus excelsior leaves were collected from the Kashmir (India) and used to retrieve their extraction. Freshly prepared aqueous and ethanolic leaf extract was used within two weeks for all synthesis. The leaves were first rinsed thoroughly with tap water, followed by distilled water to remove the dust particles, air-dried and incised into small pieces. 25 g of finely cut leaves were weighed and transferred into 250-mL Erlenmeyer flask containing 100 mL distilled water and boiled for 30 min. The raw extract obtained was filtered in hot condition using Whatman No. 1 filter paper to remove fibrous impurities. The aqueous extracts were then refrigerated and further used for the biosynthesis of silver nanoparticles from silver nitrate. Similarly, the ethanolic extracts were prepared by refluxing 25 g of finely cut leaves in ethanol.
Synthesis of silver nanoparticles
Silver nanoparticles were synthesized using microwave synthesis reactor (Anton Paar-Monowave 300). In a typical reaction procedure, 1 mL of aqueous extract solution was added to 20 mL of 1 9 10 -3 M aqueous silver nitrate solution under stirring. The solution mixture was then exposed to microwave irradiation at a temperature of 90°C with a fixed frequency of 2.45 GHz. After microwave irradiation treatment, the resultant colloidal solutions were naturally cooled to room temperature. The change in color of a mixture of AgNO 3 and leaf extract from yellow to brown indicates the biosynthesis of silver nanoparticles. The strong SPR band at 425 nm in UV-Vis spectra thus confirms the formation of silver nanoparticles. The AgNPs obtained by leaf extract were centrifuged at 5000 rpm for 5 min and subsequently dispersed in sterile distilled water to get rid of any uncoordinated biological materials. The dried powders were then used for further characterization. The concentration variation of aqueous leaf extract from 1 to 3 mL and silver nitrate solution from 1 to 5 9 10 -3 M were adjusted to investigate their effect on the formation of silver nanoparticles.
Characterization techniques
The bio reduction of pure silver ions was monitored by measuring the UV-Vis spectrum of the solution. UV-Vis absorption spectra were recorded using PerkinElmer UV Win Lab spectrophotometer. The size and morphology of nanoparticles were investigated by TEM Hitachi (H-7500) and SEM JEOL (JSM6100). Fourier transform-infrared spectra for Fraxinus excelsior leaf extract and silver nanoparticles were obtained in the range of 4000-400 cm
with an FT-IR (PerkinElmer Spectrum 2000 FTIR) by KBr pellet method. In addition, the presence of Ag in the sample was confirmed by EDX spectroscopic analysis.
Antioxidant assay
The biosynthesized silver nanoparticle, the aqueous and the ethanolic leaf extract were tested for their antioxidant property by 1,1-diphenylpicrylhydrazyl (DPPH) method (Kato et al. 1988) . In this procedure, drug stock solution (1 mg/mL) was diluted to final concentration of 2, 4, 6, 8, 10 and 12 lg/mL in methanol. Methanolic DPPH solution (1 mL, 0.3 mmol) was added to 3.0 mL of drug solution of different concentrations. The tube was kept at an ambient temperature for 30 min and the absorbance was measured at 517 nm in UV VIS-1800 spectrophotometer. The scavenging activity was calculated by following formula:
Where A control is the absorbance of the L-ascorbic acid (standard) and A sample is the absorbance of different samples. The methanolic DPPH solution (1 mL, 0.3 mM) was used as control. The inhibitory concentration (IC 50 ) value represents the concentration required to exhibit 50 % antiradical activity. The IC 50 values were calculated by the linear regression analysis of dose-response curve plotted between % inhibition and concentration. The experiments were run in triplicates.
Results and discussion
UV-Vis spectral analysis
It is a well-known fact that silver nanoparticles exhibit brownish color in aqueous solution due to the excitation of surface plasmon vibrations in silver nanoparticles (Krishnaraj et al. 2010) . It was observed that microwave irradiation of a mixture of aqueous Fraxinus leaf extract and silver nitrate (AgNO 3 ) results in the gradual change in color from light yellowish to brown indicating the synthesis of silver nanoparticles (Fig. 1) . The formation of silver nanoparticles was further confirmed by using UVVis spectroscopic technique which has been frequently used to characterize the synthesized metallic nanoparticles. In order to study the effect of exposure time of microwave irradiation on the synthesis of AgNP, periodically aliquots of the reaction solution were taken and subjected to UVVis spectroscopy measurements. The absorbance intensity of the reaction mixture increases exponentially with time as shown in Fig. 1 . It can be inferred from the Fig. 1 that the metal ion reduction occurred very rapidly and about 94 % of the reduction of Ag ? ions was completed in 90 s. It was observed that there was a drastic reduction in reaction kinetics from irradiation time of 90-150 s, as reaction rate changes to linear phase. The further irradiation beyond 150 s does not enhance the reaction rate confirming the completion of reaction. The reaction medium behavior fluctuates with time kinetics and the color intensity of reaction mixture also increases evenly with time of microwave exposure as shown in inset of Fig. 1 .
The effect of variation in concentration on the synthesis of silver nanoparticles was also examined by adjusting the concentration of leaf extract and silver nitrate solution. UV-Vis spectroscopy of synthesized silver nanoparticles using 10 -3 M AgNO 3 with different volume fractions of extract are shown in Fig. 2a . It exhibited the characteristic SPR absorption band at 425 nm for yellowish brown silver nanoparticles when 2 mL extract solution was used. It has been observed that the intensity of SPR band was found to be less with the 1 mL extract solution. Moreover at higher extract concentration (3 mL), the solution becomes hazy probably due to the presence of excess biomaterials and again the intensity of absorption band decreases. It was concluded that 2 mL extract solution is the optimum concentration for the present green synthesis of Ag nanoparticles. A concentration variation study of AgNO 3 using 2 mL aqueous extract was carried out with concentration of AgNO 3 (1 9 10 -3 to 5 9 10 -3 M). As can be seen from the Fig. 2b , with the increase in concentration of AgNO 3 there is steady increase in intensity of 425 nm SPR band. Increasing intensity of the 425 nm SPR band indicates the increasing concentration of the nanoparticles.
FT-IR analysis
Fourier transform-infrared analysis was performed to spot the possible biomolecules responsible for the reduction of the Ag ? ions and capping of the reduced AgNPs synthesized using Fraxinus excelsior leaf extract. It is evident from FT-IR spectra that there is no significant change in absorption bands of the Fraxinus excelsior leaf extract and synthesized AgNPs (Fig. 3) . The FT-IR spectrum of aqueous leaf extract Fig. 3a showed strong absorption bands at 3438, 2923, 1637, 1376 and 1078 cm -1 . The intense broad absorption bands at 3438 cm -1 is the characteristic of the hydroxyl functional group in alcohols and phenolic compounds. A band at 2923 cm -1 corresponds to the aliphatic -CH stretching. Similarly a band at 1637 cm -1 has been assigned to the amide I band of the proteins released by the Fraxinus leaves. It has been reported by (Lin et al. 2005 ) that the hydroxyl group of alcohols and carbonyl groups from the amino acid residues and peptides of proteins have a strong affinity to bind metals, so that they can act as encapsulating agent and thus protect the nanoparticles from agglomeration. A band at 1376 cm -1 corresponds to the geminal methyl and a weak band at 1078 cm -1 has been assigned to ether (C-O-C) linkage. The FT-IR spectrum of the synthesized silver nanoparticle Fig. 3b showed bands at 3412, 2926, 1627, 1384, and 1075 cm -1 . A band at 3412 cm -1 corresponds to hydroxyl group in alcohols and phenols, similarly a band at 1627 cm -1 is assigned to the stretching vibration of CO-(NH) group. A small but prominent decrease in intensity of a band from 3438 to 3412 cm -1 by a value of (26 cm -1 ) is believed to be due to reduction of AgNO 3 . This shift in absorption frequency signifies the involvement of -OH group in reduction process. On the other hand, the shift of a band from 1637 to 1627 cm -1 is attributed to the possible involvement of CO-(NH) group also in the reduction of silver nanoparticles. Moreover, bands at 2926, 1384 and 1015 cm -1 correspond to aliphatic -CH stretching, geminal methyl and ether linkage respectively. This data indicates that the synthesized AgNPs using the Fraxinus excelsior leaf extracts is encompassed by organic materials like proteins and metabolites such as terpenoids having functional groups of amines, alcohols, ketones, aldehydes and carboxylic acids.
Probable mechanism for the reduction of Ag 1 ions
The reduction of silver ions by the leaf extract of Fraxinus excelsior is believed to be due to the presence of natural biomolecules such as flavonoids, alkaloids, glycosides, terpenoids, phenolic compounds, amino acid residues and peptides of protein. It is a well-established fact that phenolic compounds play a major role in the reduction of silver (Ag ? ) ions (Arunachalam et al. 2013) . A possible mechanism proposed for the reduction of Ag ? is presented in Scheme 1. Phytochemical analysis of Fraxinus excelsior has shown the presence of a phenolic coumarin fraxin, reported by (Renwart et al. 1992) . It is believed that the phenolic hydroxyl group of the fraxin acts as a reducing agent and form an intermediate complex with the Ag ? ion and finally reduces it to Ag 0 , thereby they themselves get oxidized to corresponding carbonyl groups Pathway 1, and consequently it becomes logical to reason that the AgNPs prepared in this study should be stabilized by phenolic molecules through the carbonyl groups. Similarly, a little change in the IR frequencies of the crude aqueous extract and silver nanoparticles in the amide functional group region ( Fig. 3) suggest its side role in the reduction process of Ag ? ion as shown in Pathway 2.
SEM and EDX analysis
The morphology and size of the synthesized nanoparticles have been characterized on the basis of SEM technique. SEM analysis showed uniformly distributed silver nanoparticles on the surfaces of the cells Fig. 4 . The silver nanoparticles are almost spherical in shape with smooth morphology and particle size ranging from 25 to 40 nm. The presence of the larger sized silver nanoparticles observed during SEM analysis may be attributed to the aggregation of the smaller silver nanoparticles during SEM measurements. Energy dispersive X-ray spectroscopy (Fig. 5) elucidates the chemical nature of the synthesized silver nanoparticles using Fraxinus excelsior leaf extract. The EDX profile displayed a strong peak at the energy of 3 keV for silver and also some of the weak peaks for C, O, Cl were observed which may have originated from the biomolecules bound to the surface of the silver nanoparticles. The emission energy at 3 keV indicates the reduction of silver ions to the elemental silver (Ag 0 ) (Vanaja et al. 2013) .
TEM analysis
Transmission electron microscopy was used to provide further insight into the size, shape and morphology of the synthesized silver nanoparticles. The TEM images were recorded from drop-coated films of the silver nanoparticles synthesized by treating silver nitrate solution with aqueous leaf extract of Fraxinus excelsior Fig. 6 . The TEM images reveals that the synthesized silver nanoparticles formed were predominantly spherical and polydisperse with diameters in the range 25-40 nm. It is obvious from the TEM image Fig. 5 that the silver nanoparticles are surrounded by a faint thin layer of other material, which is believed to be the capping organic material from the aqueous leaf extract. These capping organic materials prevent the aggregation of the silver nanoparticles and thus provide extra stability to the synthesized silver nanoparticles Fig. 7 . This capping of silver nanoparticles by organic materials further enhances their life time in solution up to four weeks after synthesis (Shankar et al. 2004; Song and Kim 2009) , thus making the utilization of plant extracts as a promising candidate for the synthesis of bio-conjugated silver nanoparticles.
DPPH scavenging assay
The antioxidant activity of the aqueous extract, ethanolic extract and bio-conjugated AgNPs was evaluated using DPPH scavenging assay. The IC 50 values of both extracts and synthesized AgNPs are reported in Table 1 . It can be inferred from the data that synthesized AgNPs displayed better antioxidant activity in comparison to both the extracts. As can be seen from Table 1 , there was a dose dependent increase in the percentage inhibition (% inhibition) of extracts and synthesized silver nanoparticles. The recorded value (% inhibition) for the lowest concentration (2 lg/mL) of the aqueous and ethanol extract was 9.83 and 12.44 respectively and this value was increased to 66.55 and 67.92 respectively when the concentration was increased to 10 lg/mL. However, for AgNPs the percent inhibition values recorded were 18.32 and 86.18 for the concentration of 2 and 10 lg/mL respectively, these values indicate that the synthesized bio-conjugated AgNPs have better antiradical potential than the extracts alone. The DPPH free radical scavenging assay of the synthesized silver nanoparticle (AgNPs) when compared with the standard ascorbic acid showed promising activity. It was found that at a concentration of 8 and 10 lg/mL, the bioconjugated AgNPs exhibited better free radical scavenging activity than the reference drug ascorbic acid Fig. 8 . These results suggest that at concentrations of above 10 lg/mL, the synthesized AgNPs may serve as potent radical scavengers. The IC 50 values of the extracts and the AgNPs were found in the order: AgNPs [ ethanol extracts [ aqueous extracts. The AgNPs exhibited promising IC 50 value (5.71 lg/mL) almost close to the reference drug (IC 50 value 4.80 lg/mL). All these results suggest that intercalation of bio extracts with silver nanoparticles can serve as promising antiradical agents.
Conclusion
The present work reports the facile, convenient and ecofriendly, Fraxinus excelsior extract mediated green synthesis of bio-conjugated silver nanoparticles using microwave. The characterization with UV-Vis spectroscopy, FT-IR, SEM, TEM and EDX analysis authenticate the formation of target silver nanoparticles. TEM analysis depicts the stabilization of synthesized nanoparticles by the capping organic materials thereby preventing their agglomeration. The synthesized silver nanoparticles exhibited promising ability to diffuse the toxic free radicals and can be used as a possible food additive or in nutraceutical and biopharmaceutical industries.
